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SUMMARY 

Wind-tunnel t e s t s  were made of submerged air i n l e t s  on the 
fuselage of a l/Ic-scale model of a typical fighter-type airplane. 
The resu l t s  are presented f o r  ramp plan forms with para l le l  and 
with diverging walls and show the e f fec t  of the duct-entrance 
location (forward of the wing and over the wing), internal  ducting 
efficiency, and deflectors. 

The air inlets having the ramps with djverging walls were satis- 
factory in  both locations tes ted on the fuselage, providing high ram 
pressure recoveries a t  the simulated entrance t o  the compressor, high 
predicted c r i t i c a l  Mach numbers, and l o w  external drags.' The submerged 
air  i n l e t s  with pa ra l l e l  ramp walls had lower ram pressure recoveries 
f o r  the normal operating range. 
measured a t  the in l e t s  were higher f o r  the forward location of the 
in l e t s  than f o r  the aft location. For an assumed engine position, 
however, the aft location of the in le t s  with the shorter, more 
e f f i c i en t  internal  ducts gave the higher ram recoveries a t  the 
simulated compressor f o r  the t e s t  conditions. 

The ram pressure recovery r a t i o s  

IN'IBOIJUCTION 

The ear ly  development of NACA submerged a i r  in l e t s  was conducted 
w i t h  the submerged in l e t s  instal led in  the f la t  w a l l  of a wind 
tunnel (references 1 and 2 ) 0  The resu l t s  of these tests indicated 
tha t  it should be feasible t o  design an e f f i c i en t  air-induction 
system with twin submerged in l e t s  instal led on the sides of the 
fuselage. Placing the submerged in le t s  on the sides of the fuselage 
ahead of the j e t  engine resu l t s  i n  a short, s t ra ight  internal 
ducting system (references 3 and 4) .  
not protrude outside of the basic fuselage cclntour they should-tend 

A s  the submerged in le t s  w i l l  
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t o  eliminate, by ine r t i a  separation, foreign material ( she l l  cases, 
rocks, hail ,  e tc . )  from the air inducted into the motor. 

The r e su l t s  of reference 3 indicate tha t  the relat ive location 
of the wing and the submerged in l e t s  m i g h t  be c r i t i c a l  f o r  i n l e t  
performance. The purpose of the tests presented in  th i s  report  w a s  

t he i r  characterist ics.  Two locations were tested, one forPaxd of 
the wing where the fuselage boundary layer was thin, and the other 
f a r the r  aft on the fuselage and over the point of maximum thickness 
of the wing, 
the e f fec t  of a t rac tor  propeller on the ram recovery could be 
determined . 

. t o  investigate the e f f ec t  of the location of the duct i n l e t s  on 

The model was constructed so that, in  l a t e r  tes t s ,  

The test resu l t s  presented in  t h i s  report  were obtained in  the 
Ames 7- by 10-foot wind tunnel No. 2 a t  the request of the Bureau 
of Aeronautics, Navy Department. 
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SYMBOIS 

The symbols used throughout t h i s  report are as follows: 

area, square f e e t  

depth of the ramp at  the l i p ,  inches 

drag, pounds 

t o t a l  pressme, pounds per square foot  

Mach number 

s t a t i c  pressure, pounds per square foot  

dynamic pressure, pounds per square foot  

radius of duct, feet  

radius t o  a point, feet  

wing area, square f e e t  

stream velocity, feet per second 

loca l  velocity, feet  per second 

. 
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Y . di8,tance perpendicular t o  a surface, inches 

boundary-layer thickness, inches 

model angle of at tack w i t h  respect t o  the fuselage 
reference l ine,  degrees 

P mass density of the air, slugs per cubic foot  . 

The following subscripts have been used i n  conjunction w i t h  the 
above symbols : 

0 

1 

2 

3 

c r  

av 

H-Po 
H x G  

f ree-stream 

duct entrance (1.5 in. behind l i p  leading edge) 

i n l e t  t o  the compressor 

j e t  exhaust 

c r i t i c a l  

average 

The following r a t io s  and coeff icienbhave been used: 

ram recovery r a t i o  

i n l e t  velocity r a t i o  v1 - 
TO 

CDintemal  in ternal  drag coefficient 

CDD external drag coefficient of i n l e t  based on wing 

external drag coefficient of i n l e t  based on i n l e t  c'?D 
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h 

P 

qD 

the height of an area of u n i t  width in  which-the 
complete l o s s  of free-stream ram pressure is 
equivalent t o  the in tegra ted loss  of the t o t a l  
pressure in  un i t  width of the boundary layer 

(?I pressure caeff i c  ient  

internal  ducting efficiency 

DESCRIPTION OF MODEL 

This investigation of twin NACA submerged air inlets was 
conducted w i t h  a l / k c a l e  model of a typical  high-speed, turbo- 
propeller driven, fighter-type airplane. In  t h i s  series of tests 
the propeller was n o t  used, The pertinent model dimensions and a 
three-view drawing of the airplane are presented in  Appendix A and 
figure 1, respectively. A photograph of 6he model mounted i n  the 
wind tunnel is shown i n  figure 2. 

The submerged air i n l e t s  investimted were designed from the 
r e su l t s  of reference 2 which indicated that an entrance aspect 
r a t i o  of 4 and a ramp having an angle of 7 O  w i t h  respect t o  the 
fuselage surface and curved diverging w a l l s  should produce optimum 
chmacter is t ics .  The ramps were submerged i n  the fuselage s o  tha t  
the ordinates of the rmp below the basic fuselage contour (fig. 3) 
were equal t o  those  f o r  a 7' ramp below a plane surface. The ramp 
plan forms tested are given in  figure 3 and correspond t o  those of 
reference 2. The l i p s  of the duct in le t s  tes ted ( f ig .  4) were the 
sam.e as the unt i l ted  l i p  of reference 2 but with the mean camber 
l i ne  t i l t e d  in  3 O .  
on the center l i ne  of the ramps and l i p s  of the air intakes. 

Flush static-pressure or i f ices  were instal led 

Two i n l e t  positions, on the sides of the fuselage, were  tested. 
F o r  both positions the horizontal center plane of the in l e t s  was 
i n  the horizontal fuselage reference plane (figs. 1 and 3) which 
was 7.1 percent of the root chord of the wing above the wing upper 
surface a t  the point of maximum thickness of the wing a t  the root. 
For the forward position of the inlets ,  the leading edge of the l i p  
was 19.3 percent of the root chord of the wing ahead of the wing 
leading edge, and for the aft position of the in l e t s  the leading 
edges of the l i p s  were above the point of maximum thickness of the 
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wing-root sec*ion (35.6 percent chord), 

One location of the j e t  motor w a s  assumed f o r  the airplane. 
This location allowed a short  internal ducting system f o r  the a f t  
location of the inlets and a longer internal ducting system fo r  the 
forward location. These two internal ducts are shown assembled f o r  
preliminary bench tests in figure 5. The long internal duct . 
consisted of the short  internal duct w i t h  a 14.2Finch, constant- 
mea section added t o  extend it forward. 
comparison of the duct entrances, the forward in l e t s  were a l so  tes ted 
with the short  internal ducting system, The area r a t i o  between the 
simulated face of the turbo-jet compressor and the submerged inlets 
was 1,336 f o r  both the short  and long internal  ducts. 

To provide a more complete 

Deflectors (reference 2) were investigated on only the in l e t s  
with divergent ramp walls. 
deflectors ins ta l led  on the model are  shown i n  f igures  6 and 7, 
respectively. 
and a f t  locatiomof the inlets while various modifications were 
investigated for the forward location of the inlets. 

Coordinates and photographs of the 

The normal deflectors were tes ted at  both the forward 

I 

'JBST METHOD3 AM) REIUCTION OF DATA 

The quantity of air flow through the submerged air in l e t s  of 
the model was varied and controlled by a centrifugal pump located 
outside of the wind tunnel, The pump was  connected t o  the duct 
system by a pipe attached t o  the rear  of the model. The length of 
the pipe ( f ig .  2) attached t o  the model and passing through the 
wind-tunriel f loor  was f lexible  t o  allow the angle of attack of the 
model t o  be changed. A standard sharp-edged ASME orif ice  meter w a s  
used t o  measure the quantity of air drawn through the submerged air 
inlets., In determining the i n l e t  velocity r a t i o  from the measured 
quantity of flow, the free-fltream air density was used. This intro- 
duced a maximum e r ro r  of 2.0 percent in the i n l e t  velocity ra t io .  

Ram pressure recovery, at  the duct i n l e t s  and at  the simulated 
entrance t o  the compressor, was measured by rakes of pressme tubes. 
There were 36 total-pressure and 5 static-pressure tubes in  each 
i n l e t  and 40 total-pressure and 4 static-pressure tubes a t  the 
simulated entrance t o  the compressor. In computing the mean ram 
recovery r a t i o  a t  the in l e t s  H1-po/Ho-po the reading of each 
tube was weighted (reference 2) i n  accordance with the variation 
of the mass flow across the duct inlets .  As. the vmiat ions in  the 
velocity w e r e s m a l l  a t  the simulated entrance t o  the compressor, an 
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arithmetical  mean of the tube readihgs w e  used t o  determine the ram 
recovery r a t i o  H~-p~/Ho-po a t  th i s  position, 

The external drag of the submerged i n l e t s  was determined f o r  
only the forward location of the inlets .  
determine the drag: 
and (2) measurements of the momentum of the air ju s t  behind the 
i n l e t  location. The force-test drag was measured w i t h  the 'flexible 
pipe ( f ig .  2) a t  the a f t  of the fuselage removed (fig. 8) while air 
was allowed t o  bleed through the internal ducting system. The i n l e t  
velocity r a t i o  V1/Vo was changed by varying the out le t  area A 3  
of the duct f o r  the force-test drag measurements. 

Two methods were used t o  
(1) force measurements on the complete model, 

The drag a t t r ibu ted  t o  the submerged in l e t s  was  W e n  as the 
difference in  the drag, measured by the wind-tunnel balances, with 
the duct entrances ins ta l led  and removed l e s s  the internal  drag. 
The internal  drag w a s  calculated from the loss of momentum per uni t  
time of the air flowing through the internal ducting. The internal 
drag coefficient was computed.with the following equation: 

-"( 2) [ 1 - p)( ">( 1 + L)] 1+2n 
Vo A3 'Dinternal - s 

The value of the constant n was  found t o  be 0.44 X.(Ax/&) from 
surveys made a t  the duct e x i t ,  The derivation of t h i s  equation is 
presented in Appendix B. 

In the determination of the external drag of the submerged 
entrances by the momentum method, pressure rakes were mounted on 
the fuselage 3 inches behind the duct l i p s .  The data obtained from 
the rakes were reduced t o  drag,-coefficient form in  a manner similar 
t o  t ha t  described in  BgpendixB of reference 2. The drag forces so 
computed are equal t o  the change in  momentum per uni t  time at  the 
rake location due t o  the submerged in le t s  and do not include the ram 
drag o r  the e f fec t  of the in l e t s  on the flow over the rear  portion 
of the fuselage. 

Pressure-distribution t e s t s  were made along the center l i nes  
of the ramps and the l i p s .  The c r i t i c a l  Mach numbers &r of the 
component par t s  of the duct entrances (ramps, inside and outside 
of the l i p s  were,estimated f r o m  these pressure distributions by the 
use of the &rman-Tsien method (reference 3 ) .  The pressures on the 
deflectors were n o t  measured. 
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RESULTS AND DISCUSSION 

It was realized from previous t e s t s  (references 1 t o  4) that 
a thick boundary layer on the fuselage has a detrimental e f f ec t  on 
the ram recovery in  submerged in l e t s  and tha t  the interference and 
pressure f i e l d  of the wing might a lso be adverse, To determine these 
e f fec ts  two locations of the in l e t s  were tested, the forward rota- 
t ion where the duct in le t s  were forward of the wing (f ig ,  7) , and 
the aft  location where the duct in le t s  were above the point of 
maximum thickness of the wing ( f ig .  7). 

Figure 9 shows the boundary-layer thickness and the pressure 
distribution f o r  the two locations measured on the basic fuselage 
along the fuselage reference plane. The boundary-layer t h i c h e s s  
denoted by the parameter h/B (reference 2) was approximately 
1.33 times greater f o r  the aft  than f o r  the forward location of the 
submerged entrances. The efficiencies of the ducting systems 
evaluated during the bench tests of the long internal ducting and 
the short  internal  ducting are shown in  figure 10. The efficiency 
of the short internal  ducting was 19 percent higher than that of the 
long internal  ducting . I 

It was assumed tha t  the airplane represented was powered by 
a typical gas turbine delivering approximately 3300 swt horsepower 
f o r  take-off. The submerged in l e t s  were designed s o  that the i n l e t  
velocity r a t i o  with this gas turbine would be 0.60 a t  550 miles per 
hour and 1.00 in  a climb a t  350 miles per hour. 

Ram Recovery Ratio 

The mean ram recovery r a t io s  a t  the duct i n l e t s  and a t  the 
simulated entrance to  the compressor are presented in  figures 11 t o  
17 as a function of the model angle of at tack &d the i n l e t  velocity 
r a t i o  

The ram recovery r a t i o  a t  the in l e t s  is shown in  figurea 11 and 
12 f o r  the forward and a f t  locations of the submerged entrances, 
respectively. 
the normal operation range (V1/Vo = 0.6 t o  1.0) 
deflectors on the diverging ramp walls, the ram renovery decreased 
approximately 0.001 per degree angle of a t tack and f o r  para l le l  
and diverging ramp walls without deflectors about 0.005 per degree. 
Figure 13 (obtained from the data of f ig s .  11 and 12) summarize8 
the effect  of the location' of the duct i n l e t s  on the entrance ram 
recovery a t  0' angle of attack. 

The e f fec t  of angle of attack on the ram recovery in  
was small. W i t h  

The following table compares 



8 NACA RM No. ~ 8 ~ 2 0  

these data f o r  an i n l e t  velocity r a t i o  of 0.7: 

with normal with normal 
deflectors ex- deflectors 
t enbd  foYrJrard 

The differences in  the ram recovery between the forward and a f t  
locations of the submerged air in l e t s  were not great. It is 
believed that the difference in  the ram recovery r a t io s  f o r  the two 
locations was due, primarily, t o  the difference in  the fuselage 
boundary-layer thickness ( f ig .  7).  
deflectors were not used in  the comparison. 
indicated tha t  the forward extension of the deflectors' f o r  the f ront  
location of the in l e t s  improved the ram recovery f o r  i n l e t  velocity 
r a t io s  less than 0.7 and produced no ef fec t  f o r  higher values., Modi- 
f ica t ion  of the deflectors f o r  the aft in l e t s  effected no improvement 
in  the character is t ics  over those f o r  normal deflectors. 

It should be noted tha t  identical  
Preliminary test data 

The ram recovery a t  the simulated face of the compressor 13 
presented in  figures 14 to  16 f o r  the forward. ( long  and short  
internal  ducting) and the af t  (short  internal ducting) locations 
of the submerged entrances. The e f fec t  of angle of at tack on the 
ran recovery r a t i o  a t  the simulated face of the compressor w a s  
similar t o  that a t  the entrances. Figure 17 summarizes the data of 
figures 14 t o  16 and shows the e f f ec t  of the entrance location and of 
the efficiency T ) ~  
The following table compares these data f o r  an inlet-velocity r a t i o  

of the internal  ducting a t  Oo angle of attack. 

of 0.7: 
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Forward location I 

In l e t  

Para l le l  walls 
Divergent wa l l s  
Divergent w a l l s  
with normal 
delfec tors  
extended 
forward 

HZ q 
Short 

in te rna l  
ducting 

0.780 
.885 

!Q 
'0 

Long 
.n te rna l  
ducting 

0.740 
.820 

,840 

A f t  location 
I 

In l e t  Short 
* i n  t e  r n d  

ducting 

Para l le l  w a l l s  0.670 
Divergent w a l l s  .860 
Divergent w a l l s  
with normal 
de€' lectors  .865 

I 

The ef fec t  of location of the in l e t s  is shown by comparing the data 
i n  the above table f o r  the forward and aft! locations of t h e  submerged 
air in l e t s  w i t h  the short internal  ducting. The difference in  ram 
recovery r a t i o  a t  the simulated entrance t o  the compressor due t o  
the location of the in l e t s  was of the same order of magnitude as 
w a s  measured a t  the in le t s ,  the forward location having the higher 
recoveries. However, figure 17 shows t h a t  f o r  the divergent-walled 
entrances with deflector9 a larger ram recovery w a s  obtained f o r  
the aft than f o r  the forward location of the in le t s ,  with i n l e t  
velocity r a t io s  i n  excess of 0.9. 
f o r  by a s m a l l  change i n  the efficiency 

This difference may be accounted 
q~ of the internal  ducting, 

The ef fec t  of the internal  ducting efficiency qD ( f ig .  10) 
may be shown by comparing the data in  the preceding table and 
figure 17 f o r  the forward location of the in l e t s  with the short  
and l o n g  internal  ducting. There was only a s m a l l  difference 
the recoveries f o r  i n l e t  velocity ra t ios  below 0.5, but the ram 
recovery r a t i o  progressively decreased above this value f o r  the 
longer internal  ducting. For an i n l e t  velocity r a t i o  of 1.0 the 
recoveries a t  the compressor were reduced 15 t o  18 percent below 
those f o r  the shorter internal  ducting. ' 

i n  

For  i n l e t  velocity r a t io s  greater than 0.65 and 0.83, w i t h  
divergent and pa ra l l e l  walls, respectively, the ram recoveries a t  
the simulated entrance t o  the compressor were higher f o r  the aft 
location of the in l e t s  w i t h  the short internal  ducting than f o r  
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the forward locatioli with the long internal  ducting. Consequently, 
i f  the location of the compressor is such that long internal ducting 
must be used f o r  the forward inlets, it m i g h t  be advantageous t o  use 
the aft  location of' the i n l e t s  with the shorter, more eff iqient ,  
internal  ducting system. Mone of the combinations of the parallel- 
walled en t r ies  and the internal  ducting systems give as high a ram , 
recovery a t  the simulated entrance t o  the compressor, f o r  high-epeed 
flight, as the poorest combination of the diver@nt-walled en t r ies  . 
and the internal ducting systems investigated. 

Flow Studies 

When the entrance ram recovery was measured in  the in l e t s  wi th  
the diverging ramp w a l l s ,  two  symmetrically located regions of low- 
velocity air were noted as shown in the sketch. , 

In an attempt t o  c l a r i fy  t h i s  phenomenon, visual t u f t  t e s t s  and t o t a l -  
pressure measurements were made. These observations indicated tha t  
the air flowing along the ramp followed the divergent walls, while the 
air f l o w  along the fuselage was approximately para l le l  t o  the f ree  
stream. 
discontinuity i n  the direction of air f l o w ,  
apparently resulted in  a rotat ional  flow as shown below., 

Consequently, a t  the top of the ramp w a l l s  there was  a 
"his discontinuity 

R e s u l t a n t  r o t a t i o n a l  
f l o w  

Flow d i r e c t i o n  
o v e r  f u s e l a g e  

A- A 

From the foregoing discussion it may be conjectured that a par t  
of the fuselage boundary layer developed ahead of the in le t s  was 
entrained in  the region of rotat ional  f l o w .  
rotat ional  f l o w  passed over the outside of the entrance l i p s  and the 
remainder entered the ducts, the prosortfons depending on the operatlng 

Part  of the air  in  the 
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conditions of the in le t s .  For higher inlet velocity r a t i o s  the 
strength of the rotat ional  flow and the proportion that flowed into 
the entrances increased. This hypothesis appear8 t o  explain, 
quali tatively,  the origin of a Large portion of the entrance losses 
encountered with the submerged in l e t s  w i t h  divergent ramp walls,, 
For the parallel-walled ramps this rotat ional  f l o w  was less evident, 
and the major portion of the boundary layer developed ahead of the 
inlets flowed i n t o  the ducts, 

The e x t e r n d  drag coefficients of the NACA submerged inlets a8 
determined from measurements of the change in momentum immediately 
behind tihe duct entrances are presented in  figure 18. 
was determined f o r  only the forward location of the duct entrances 
as the close proximity of the wing made it impossible t o  i n s t a l l  
the momentum rakes behind the af t  duct entrances, The drag of the 
entrances with pa ra l l e l  o r  divergent walls, as indicated by the 
momentum method, w a s  approximately zero ( l e s s  than Cm = 0.0001 
based on wing area) f o r  an i n l e t  velocity r a t i o  of 0,7 and 0' angle 
of at tack, For the satne condition, the deflectors increased the 
drag coefficient by approximately 0.0007 based on the wing area. 
The increase in the drag due t o  the deflectors appeared t o  offset  
the gain in  performance due t o  increased ram recovery (1 percent 
during high-speed f l i g h t )  t ha t  may be obkined by t h e i r  use. 

The drag 

The evaluation of the drag increments due t o  the submerged 
inlets ,  by the momentum-survey method, w a s  d i f f i cu l t  and t h e  
consuming when, as in  t h i s  test, th'e surveys were made in  a region 
of three-dimensional flow. 
magnitudes of the drag of the submerged in l e t s  measured by the 
momentum method, data were obtained using the wind-tunnel balance. 
These data are sho-m in figure 19. The difference8 in  drag, as 
measured by the wind-tunnel balance, between the various in l e t s  a t  
a given i n l e t  velocity r a t i o  are considered accurate. However, the 
absolute values of the drag due t o  the inlets ,  a8 indicated by the 
wind-tunnel balance measurements, should be considered only quali- 
t a t ive  because of the change in  the pressure drag of the fuselage 
w i t h  changing e x i t  conditions. 

lh an attempt t o  verify rapidly the 

The two methods show fair agreement in  the value of 
for which the drag increment w a s  zero f o r  the entrances w i t h  
divergent w a l l s  without deflectors and f o r  those w i t h  para l le l  
w a l l s  ( f i g ,  19) .  W i t h  other i n l e t  ve loc i ty , ra t ios  the drag incre- 
ments (both positive and negative) determined f r o m  the wind-tunnel 

V,/Vo 
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balance measurements were larger  than those from the momentum surveys. 
In the cases where the momentum surveys indicated s m a l l  negative drags, 
the wind-tunnel balancq showed larger  negative drags This difference 
i n  drag can be explained i n  pa r t  by the f a c t  t ha t  f o r  the higher 
i n l e t  velocity r a t i o s  the f l o v  on the rearward portion of the fuselage 
was -improved with a consequent reduction i n  the ove-11 fuselage 
drag i n  excess of tha t  measured immediately behind the submerged 
in l e t s .  Conversely, the flow over the rearward pa r t  of the fuselage 
deteriorated with the lower i n l e t  velocity r a t i o s .  The same reason- 
ing can a l so  explain why a greater drag increment was measured with 
the wind-tunnel balance than by the mamentum method f o r  the normal 
deflectors extended forward. (For an a of 0' and a V1/Vo of 
0.7, the drag-eoefficient increment with the normal deflectors 
extended forward was 0.0015 as determined from the force t e s t s  and 
0.0007 as determined from the momentum surveys.) 

The increments i n  drag caused by the deflectors (as measured 
by the wind-tunnel balance) are presented in  figure 20. These data 
show tha t  considerable reduction i n  the drag of the deflectors may 
be obtained by a l te r ing  the aft  portions of the deflectors designed 
f r o m  reference 3. It is believed that selparation w a s  occurring on 
the a f t  portion of the normal deflectors. 
the aft  portions of the deflectors were extended ( f igs .  6 and 7) 
This extension reduced the deflector drag as much as 40 percent 

T o  relieve the separation, 

( f ig .  20). 

Predicted Cr i t i ca l  lhch Number 

The pressure distribution f o r  the forward location of the in le t s  
with the diverging walls is  presented i n  figure 21. 
pressure on the ramp occurred approximately 30 percent of the ramp 
length from i ts  forward end, and this location did not vary w i t h  
angle of a t tack from -4' t o  4' or with i n l e t  velocity r a t i o .  The 
pressure dis t r ibut ion over the forward 35 percent of the ramp did 
not change with i n l e t  velocity r a t i o .  

The minimw 

The predicted c r i t i c a l  Mach numbers f o r  the ramps and l i p s  
are presented i n  figures 22 and 23. 
c r i t i c a l  Mach number were computed by the d d n - T s i e n  methot: 
(reference 5 )  from the measured low-speed pressure distribution. 
This method is based c)n the assumption tha t  the flow over the ramps 
and l i p s  is  two-dimensional, which is not s t r i c t l y  correct, as the 
duct i n l e t s  were tes ted on a three-dimensional body. 
however, that the resu l t s  are conservative. 

These values of the predicted 

It is  believed, 
(See reference 6.) 
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The d a t a  of f igures 22 and 23 show tha t  f o r  ident ical  entrance 
configurations, the predicted c r i t i c a l  Mach numbers were higher f o r  
the forward location of the in l e t s  than f o r  the aft location at  an 
angle of attack of 0' f o r  i n l e t  velocity r a t i o s  from 0.6 t o  0.8. 
This difference w a s  possibly due t o  the pressure f i e l d  of the wing, 
which re&uced the pressure on the basic fuselage ( f ig .  21) in  the 
vicini ty  of the aft  in le t s .  
at tack was t o  decrease the predicted c r i t i c a l  Mach number. 
e f fec t  waa more pronounced f o r  the aft location where the submerged 
entrances were in  the pressure f i e l d  of the wing. 

The e f fec t  of increasing the angle of 
This 

In both the forward and.the a f t  locations, the entrances with 
divergent w a l l s  had higher predicted c r i t i c a l  Mach numbers than the 
entrances with pa ra l l e l  walls. 
entrances were the l imiting component of t ha t  type of i n l e t  f o r  the 
high-speed f l i g h t  condition (a = Oo, 
high-speed f l i g h t  condition the entrances with diverging ramp walls 
had predicted c r i t i c a l  Mach numbers on the ramps and the insides of 
the l i p s  equal t o  o r  greater than the plain wing (&r = 0.76). 

The l i p s  of the parallel-walled 

V1/Vo = 0.6 t o  0.7). In the 

CONCLUSIONS ' 

The following conclusions are  drawn from the resu l t s  of tests 
of several submerged i n l e t s  in  two locations on a 1/4-8cale model 
of a typical f igh ter  airplane: 

1. In both locations on the fuselage, the submerged in l e t s  
with the ramps having divergent wa l l s  provided a high ram recovery 
a t  the simulated entrance t o  the compressor, high predicted c r i t i c a l  
Mach numbers, and l o w  external drag. 

2. The submerged in l e t s  with ramps having para l le l  wa l l s  were 
l e s s  satisfactory than the submerged in l e t s  with ramps having 
diverging walls. 

3 .  "he ram recovery a t  the duct entrances, f o r  the in l e t s  
tested, was hi@;her with the i n l e t s  in  the forward than in  the aft 
posit  i on. 

4. The ram recoveries were higher a t  the simulated entrance 
t o  the compressor, with some i n l e t  velocity ratios, f o r  the a f t  
location of the in l e t s  w i t h  the short internal  ducting than f o r  
the forward location with the longer internal ducting. 



14 WCA RM No. ~ 8 ~ 2 0  

5. The drag of the fuselage with submerged duct inlets operat- 
ing with inlet velocity r a t io s  greater than 
drag of the basic fuselage; however, with in l e t  velocity r a t io s  
below 0.70 there w a s  an appreciable increase in the drag attr ibutable 
t o  the inlets .  

0.70 was less than the 

6 .  The external drag of the deflectors more than offse t  the 
improved ram recovery they provided on this model. 

7. For the high-speed f l i g h t  condition, the predicted c r i t i c a l  
Mach number of the inletswas hi#er for the forward location than 
the aft location. 
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APPENDIX A 

PERTINENT DIMENSIOWS OF TEE 1/4--6CAI;E MOIIEL 
OF A TYPICAL FIGH!I!IE+-!IXPE AIRPLANE 

Model 

Wing area . . . . . . . . . . . . . . . . . . . . .  14.519 sq ft  

. . . . . . . . . . . . . . . . . . . . . .  Aspect r a t i o  4.98 

Wingspan . . . . . . . . . . . . . . . . . . . . . . .  8 . 5 0 f t  

Wing section . . . . . . . . . . . . . . . . . . . . . . . .  631-110 
Root chord . . . . . . . . . . . . . . . . . . . . . . .  2.30 f t  

Tip chord . . . . . . . . . . . . . . . . . . . . . . . .  1.15 f t  

Wing incidence . . . . . . . . . . . . . . . . . . . . . . . .  0' 

Submerged In l e t s  

~ ~ t m p a ; n g l e . . . . . . . . . . , . . .  . . . . . . . . . . . .  7' 

Aspect r a t i o  of inlet . . . . . . . . . . . . . . . . . . . .  4 

T o t a l  crost3+3ectional area of both in l e t s  
measured l$ inches behind l i p  leading ed.ges . . 0.0718 s q  f t  

Depth of the ramps a t  the l i p  leading edges . . . 1.720 in. 

Distance of duct-lip leading edges 
from wing leading edge 

Forward location . . . . . . . .  19.3 percent r o o t  chord ahead 

A f t  location . . . . . . . . .  35.6 percent r o o t  chord behind 

Distance of i n l e t  center l ines  above 
the wing at the fuselage juncture . e . ., 7.1 percent r o o t  chord 
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Length of the internal  duct from l i p  leading edge 
t o  the simulated entrance of' the compressor 

Short internal  ducting . . . . . . . . . . . . . .  15,25 in. 

Long internal  ducting . . . . . . . . . . . . . .  .29.5 i na  

k e a  r a t i o  (2) . . . . . . . . . . . . . . . . . . . .  1.336 

APPEM)M B 

Determination of Internal Drag 

For the determination of the external drag of the twin submerged 
duct i n l e t s  the drag of the internal  ducting had t o  be determined. 
The internal  drag was computed from the inlet  velocity r a t i o  V1/Vo, 
wing area S, duct i n l e t  area AI, and the duct e x i t  area bo 

The internal  drag was taken as the free-stream ran drag minus 
the momentum of the air per uni t  time exi t ing f r o m  the tail pipe 
(reference 2) 

The f i r s t  term of equation (1) is readily evaluated, For the second 
term, surveys were made a t  the e x i t  across one diameter t o  determine 
the variation of the velocity v3 across the out le t ,  The velocity 
dis t r ibut ion was assumed equal on a l l  diameters. The experimental 
velocity prof i l ea  were plotted and matched by a mathematical curve 

where n was found t o  be equal t o  0.44 Ax/&, where A1/& is 
the r a t i o  of entrance area t o  ex i t  area, 
the mathematical cwve showed good agreement w i t h  the experimental 
points. If the flow had been laminar, the value of n would have 
been one. 

Using t h i s  value of n, 
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fie aver;@ velocity across the kxit is 

Substituting the value of v3 from equation (B2) and integrating 
equation (B3) 

v3max 
V3 = (l+n) 

From the continuity equation f o r  an incompressible fluid 
VlAl  = V3&. Substituting this in equation (B4) 

Subatituting the value of v3max from equation (B5) in equatfon 
0 2  1 

n 

Substituting the value of v3 
and integrating 

from equation (B6) in equation (Bl) 

The internal drag may now be computed from the inlet velocity ratio 
V1/Vo, wing area S ,  duct inlet area A l ,  and the exit area A3. 





J 

FIGURE I -  A THUEE- VIEW DffAWfNG OF THE AIRPLAN€ 
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( a )  A f t  i n l e t  w i t h  para l le l  
ramp w a l l s .  

( c )  A f t  i n l e t  w i t h  diverging 
ramp w a l l s  and normal 
clef lectors.  

( e )  Forward i n l e t  w i t h  d i v e r  
ghg  ramp walls. 

( g )  Forwara i n l e t  w i t h  diver- 
ging ramp w a l l s  and beaver- 
t a i l  deflectors. 
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Figure 7,- Pictures of %he various submerged air inlets, 

(b) A f t  i n l e t  w i t h  diverging 
ramp w a l l s  

(d) Forward i n l e t  w i t h  para l le l  
ramp w a l l s .  

( f )  Forward i n l e t  with diver- 
g b g  ramp walls and normal 
def 1 eci-.org extended f o r w m d  ~ 

(h) Forwara in& ~r w i t n  aiver- 
ging ramp w a l l s  and deflectors 
extended a f t ,  =97 
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(c) DIVERGENT WALLS wI7-n NORMAL DEFLECTORS EXTENDED FORWPRD 

FIGURE 11. - VARfATlON OF THE RAM RECOVERY RATIO AT THE fNLET WITH ANGLE 
O f  A T JACK f OR THE f ORWARD SUBMERGED fNL E TS . 
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FIGURE 12. - VARlATiON OF THE RAM RECOVERY RATIO AT THE INLET WITH ANGLE 
tF AT TACK FOR THE AFT SUBMERGED INLETS. 
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F/GU.RE 14.- VARM77ON OF THE RAM RECOVERY RA770 AT THE SIMULATED COMPRESSOR 
ENTRANCE WTH ANGLE OF ATTACK FOR THE FORWARD SU6M€RG€D INLETS. 
SHORT /NT€RNAL DUCTING. 
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FIGURE 1.5. - VARMTIQN OF JH€ RAM RECOVERY RATIO AT THE SINULATED COMPRESSOR 
ENTRANCE WITH ANGLE OF ATTACK FOR THE FORWARD SU6MERGED INLETS. 
LONG IN J€RNAL DUG JING . 
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FIGURE /6. - VARIATION OF TffE RAM RECOVERY RATIO AT TffE SIMULATED COMPRESSOR 
ENTRANCE WITH ANGLE OF ATTACK FOR THE AFT SUBMERGED INLETS. SHORT 
IN TERNAL DUC TING . 
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(c) DIVERGENT WALLS W I T H  NORMAL D€FL€CTORS 

EXTENDED FORWARD ' 

FlGUR€ 19. - A  COMpAR/SO# OF THE DRAG OF THE SU6M!RG€D 
A/R INLETS IN THE FORWAR@ LOCATION AS D€TERM/NED BY 
THE M ~ E N W M  AND THE FORCE-TEST METHODS. a, oo 
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